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Abstract 
The unique characteristics of dental pulp stem cells (DPSCs), like multi-lineage differentiation, have 
attracted considerable interest among clinicians and researchers for the treatment of various diseases. 
Platelet-derived concentrates (PRSs) are utilized for wound healing, due to the  plethora of growth 
factors that are released from platelets. In this study, DPSCs were cultured with one of the three 
culture supplements, including fetal bovine serum (FBS), human platelet-rich plasma (PRP), and 
human platelet lysate (HPL). The viability effects of these platelet-derived culture supplements on 
DPSCs were evaluated using hybrid approaches of fuzzy-genetic methods. The results showed that 
DPSCs cultured in HPL have higher viability than FBS and PRP. It is suggested that fuzzy-genetic 
algorithm (GA) is an accurate approach to estimate the effect of platelet concentrates on the 
proliferation of stem cells derived from the human tooth.  
Keywords: Dental pulp stem cells; Human platelet-rich concentrates; Fuzzy-Genetic Algorithm GA; 
Proliferation 
Introduction 
Tissue regeneration is based on the concept of restoring the physical integrity of cells, tissues, and 
organs by means of the organisms’ own repair mechanisms. A successful regenerative therapy 
involves a sufficient population of stem cells and the plethora of enzymes, signal proteins, ligands, 
and a functional vasculature [1]. Clinical studies in the past have reported mesenchymal stem cells 
(MSCs) to be safe for therapeutic use [2]. Dental pulp stem cells (DPSCs) are one such type of easily 
available MSCs which have a non-invasive mode of isolation and hold great potential to be used in 
regenerative protocols. DPSCs have higher angiogenic, neurogenic, and regenerative potential, 
presenting a versatile stem cell source for cellular therapies [3]. In dentistry, DPSCs have 
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demonstrated the ability to differentiate into odontoblasts under stimulation of bioactive materials 
that makes them a potential source of stem cells for dentine and pulp regeneration [4]. They can be 
easily collected from extracted healthy or inflamed permanent teeth and harvested in a minimally 
invasive and safe manner. In order for stem cell therapy to be effective, cells should be in sufficient 
numbers, usually in the order of millions. In the majority of clinical trials, commercially available fetal 
bovine serum (FBS) is used for stem cells isolation and expansion. It provides a rich composite of 
growth factors to yield sufficient cell proliferation and expansion during cell culture experiments [5]. 
However, it does pose a risk of immunogenic reactions in response to xenogeneic proteins [6]. Hence, 
it is of paramount importance to explore the alternatives that are cost-effective, autologous, prion 
free in nature and can effectively improve the proliferation and differentiation of the stem cells in-
vitro.  
Literature Review and Motivation of the Present Study 
A recent strategy in many regenerative fields is the use of platelet-rich concentrates (PRCs). In 
general, PRCs are concentrated sources of autologous platelets or their extracts in a small amount of 
plasma [7]. Several studies have shown that stem cells expanded in two-dimensional cultures using 
PRCs uphold their multi-potency and therapeutic properties [8] and indicated no signs of 
immunogenic reactions when used in clinical trials [9]. Translation of the combination of stem cell 
and PRCs in clinical set up is being powered by their easy availability, cost-effectiveness, an extensive 
range of applications, autologous nature, simple collection, easy chair side preparation, and clinical 
application without the risks associated with allogeneic products [10]. Statistical and machine learning 
methods are playing an important role in the development of a robust decision support system in 
medical science at present [11]. Some of the recent research includes an application of deep learning-
based method in the computer-aided disease diagnosis [12], hierarchical clustering analysis, principal 
component analysis, and linear modeling in clinical and cognitive data mining [13]. The applications 
of machine learning methods in dentistry have been discussed in some recent research studies, 
including semi-supervised fuzzy clustering method in dental image separation [14], the artificial neural 
network method in the classification of dental cusps (the maximum accuracy of 93.5%) [15], and C4.5 
decision trees to predict the microbiological profile dental implants (the maximum accuracy of 97.5%) 
[16], etc. Genetic algorithm (GA) has been also implemented in different applications of dentistry, 
like in the optimization of dental milling process [17], analysis of dental images [18], dental implant 
designing [19], decreasing dental filling metallic artifacts [20],  in color matching [21], etc. Though, 
there are limited studies based on the application of hybrid machine learning methods in medical and 
specifically in dentistry data mining. The hybrid machine learning methods can result in better 
prediction accuracy of the decision support system. Fuzzy-GA is one of the hybrid machine learning 
methods based on the combination of a fuzzy method and the genetic algorithm. It exhibits worthy 
learning and prediction capabilities that make it a competent and effective tool to manage the 
encountered uncertainties in any system. Application of fuzzy-GA method does not involve the 
learning of the physical process as a precondition. With this motivation, fuzzy-GA approaches based 
on the Mogul and the Thrift approaches [22-24] have been implemented to estimate the effect of 
human platelet concentrates on human tooth stem cells in the present study. 
Material and Method 
Study Design, Population and Isolation From Human Dental Pulp 
DPSCs were isolated from the dental pulp of the extracted human permanent teeth. Figure 1 
depicts the schematic representation of the experimental process. The study was commenced with 
an isolation of DPSCs from the pulp tissue (n=5) cultured up to passage 3. DPSCs were then treated 
with two types of PRCs, HPL (human platelet lysate) and PRP (platelet-rich plasma) and were 
investigated for their effect on morphology, cell viability, and tube formation capacity. Cells cultured 
in complete media were considered as control. 
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Figure 1. A schematic representation of experiment process 
Freshly extracted sound premolars were received from the Faculty of Dentistry, University of 
Malaya following informed written consent obtained from the donors aged 18-25 years undergoing 
orthodontic treatment. The extirpated pulp tissue (n=5) was processed as per our previously 
established protocol [25]. The cell suspension cultured in T25 culture flask and incubated in a 
humidified incubator maintained at 37°C supplemented with 5% CO2. Incubation was carried out till 
80% confluence was observed under a phase-contrast microscope.  
Preparation of Platelet Rich Concentrates (PRCs) and Media With Concentrations of HPL and PRP 
PRP samples (n=8) were obtained from the blood bank of the University of Malaya Medical 
Centre, Kuala Lumpur, Malaysia after ethics approval from the Medical Ethics Committee. PRP was 
was processed as per our previously established protocol [26] from eight healthy donors kept in triple 
bags and was stored at room temperature (20oC). 100 ml of PRP from each donor bag was collected 
in blood collection tubes for research purpose. For the preparation of HPL, PRP from all eight 
donors was pooled (800 ml) and was processed. The final products were then stored at -80°C until 
further use. DPSCs (n=5) culture and expansion in various concentrations of HPL and PRP were 
done as per our previously established protocol [26]. 
Evaluation of the Viability of DPSCs in Various Concentrations of HPL and PRP  
DPSCs (n=5) at the 3rd passage, were seeded into 96-well plates in triplicates at a density of 5×10³ 
cells per well in 200µl of complete culture media. Cells were incubated with various concentrations 
of PRCs media and complete culture media for 2, 4, 6, 8, and 10 days. After that, 100µl of DMEM-
KO (Gibco) along with 10% Alamar Blue reagent (Thermo Fisher Scientific, USA) v/v was added 
to each well and the plates were further incubated for 3 hours at 37°C and 5% CO2 in a humidified 
incubator. Absorbance was measured at 450nm with a reference wavelength (590nm) by Tecan 
(Infinite 200 PRO, Life Sciences, Switzerland) microplate reader. The viability of DPSCs after 
treatment with HPL and PRP was determined using Alamar Blue assay (Thermo Fisher Scientific). 
The cell viability was calculated in percentage of the reduction in the recorded absorbance. DPSCs 
cultured in media supplemented with FBS is considered as control and reference (normalized to 
100%). 
Hybrid Fuzzy-GA Methods 
Two types of hybrid fuzzy-GA methods have been implemented, including (i) Mogul method 
based fuzzy-GA [22], and (ii) Thrift approach based fuzzy-GA [23]. The ideal boundary values of a 
fuzzy method in each type were decided by using the GA. The boundary values were restructured in 
every cycle of the GA. Initially, a random population for GA was selected inside the bounding 
intervals of fuzzy. GA monitors the limits of input variables and the progression of variables. The 
preliminary population of GA was employed to prepare the knowledge base (KB), which was further 
amended in the succeeding cycles of GA. The Mogul method based fuzzy-GA develops the 
membership function parameters and fuzzy rules using the GA [22]. The method contains three 
steps, including (i) rule base (RB) preparation, (ii) genetic interpretation, and (iii) genetic modification. 
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Comprehensive information from the training data set was extracted and used in the RB generation. 
The RB was summarized in the genetic simplification step by discarding the impractical rules. The 
precision of the KB was enhanced in the genetic tuning step. The initial fuzzy rules containing the 
basic evidence of the membership function were used as the primary population of the GA. The 
genetic operations were implemented amongst the parent chromosomes to create the subsequent 
generation offspring and continued till the end criterion is attained. This procedure recovers the 
superiority of chromosomes and lastly, the best chromosomes were chosen as the fuzzy rules to 
design the ideal fuzzy-GA method [22]. The Thrift method based fuzzy-GA employs Mamdani 
models of fuzzy reasoning and GA in which the decision was coded into the chromosomes. It maps 
the output variable into an integer set; the latter comprises a zero and a non-zero element to describe 
the gene set [23]. The GA uses an integer coding pattern to generate the chromosomes. The existence 
of the Mamdani model for fuzzy reasoning in Thrift method based fuzzy-GA makes it different than 
the Mogul method based fuzzy-GA, however, the selection procedure of initial chromosomes was 
similar in both types. The crossover and mutation operators produce novel sets of chromosomes in 
successive cycles of GA. Root mean square error (RMSE) was assumed to calculate the fitness values 
of each of the chromosomes in each cycle. The best chromosomes were employed as the ideal fuzzy 
rules in the Thrift method based fuzzy-GA, which forecast the bordering values of the dependent 
variable. The hybrid fuzzy-GA approaches have been implemented in R language [24]. Predictive 
performances of fuzzy-GA methods have been measured in terms of three evaluation metrics, 
including RMSE, the coefficient of determination (R2), and the Pearson correlation coefficient (r). 
Results 
Viability of DPSCs after Treatment With Various Concentrations of HPL and PRP 
Isolated MSCs from dental pulp tissue as represented in Figure 2 were expanded till the third 
passage and further treated with various concentrations of HPL and PRP. 
Figure 2. Isolated mesenchymal stem cells from dental pulp tissue 
Morphology of DPSCs treated with various concentrations of HPL and PRP are depicted in the 
micrographs presented in Figure 3. Morphology of treated DPSCs started to transform from 
fibroblastic (spindle shaped) to flattened morphology. 
Cell viability was measured for ten days, and observations were recorded at an interval of 2 days 
as represented in Figure 4. Significantly (p<0.05) higher viability was observed in DPSCs treated with 
10, 15, and 20% of HPL compared to that of PRP. However, no significant difference in viability 
was observed among the DPSCs treated with 5% HPL, 5% PRP, and 10% PRP. The viability of 
DPSCs in both the groups was significantly lower at day 6 (p<0.05) compared to the viability at day 
2, 4, 8, and 10 at all concentrations. In addition, an interesting pattern was observed in all tested 
concentrations whereby the viability decreased from day two until day six of culture before an 
increase by day 10. A significantly higher (p<0.05) viability was observed with HPL 10%, 15% and 
20% at day 2 (97%) compared to day 6 (64%). Moreover, the viability of DPSCs treated with HPL 
was significantly increased (p<0.05) at day 10 compared to that on day 6.  Except at 5%, HPL (~70%) 
viability of DPSCs in other concentration was about 80%. In PRP irrespective of the concentration 
and time, the viability of DPSCs was equal to 80% or below. Viability varied the most amongst 
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various concentrations of PRP. In PRP treated cells, it was especially noted that increasing its 
concentration more than 5% did not alter the final viability of cells. Exposure of DPSCs to various 
concentrations of HPL and PRP (10% and 20%) at day 2, 4, 6, 8, and day 10 showed significantly 
(p<0.05) high viability at day 2, and day 4 for 10%, 15%, and 20% HPL media groups. 
 
 
Figure 3. Morphology of DPSCs after treatment with HPL and PRP 
 
 
Figure 4. Percentage of cell viability upon exposure to various concentrations of HPL and PRP at 
five time intervals 
Prediction Results of Hybrid Fuzzy-GA Methods  
Figure 5 (a) and Figure 5 (b) exhibit the viability prediction results of HPL and PRP using two 
fuzzy-GA methods, respectively. The higher value of the coefficient of determination in Table 1 
confirms the better performance of the methods. There is a smaller number of underestimated and 
overestimated samples. Consequently, the predicted values have a high level of precision. Mogul 
method based fuzzy-GA outperforms Thrift method based fuzzy-GA. With the objective to 
demonstrate the assets of the suggested model on a more confident and noticeable basis, statistical 
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measures, including the RMSE, r, and R2 were computed and compared for the two fuzzy-GA 
algorithms. Table 1 summarizes the prediction accuracy results. 
 
 
Figure 5. Fuzzy-GA prediction results of % age in living cells cultured in (a) HPL and (b) PRP 
Table 1. Culture media groups used in the experiment 
Accuracy 
measures 
Mogul method based fuzzy 
genetic algorithm (GA) 
Thrift method based fuzzy genetic 
algorithm GA 
PRP HPL PRP HPL 
r 0.94 0.94 0.48 0.56 
R2 0.89 0.89 0.23 0.32 
RMSE 1.64 1.68 4.52 6.04 
Note-RMSE: root mean square error, PRP: platelet-rich plasma, HPL: human 
platelet lysate. 
 
Discussion 
As depicted in Figure 1, PRCs namely HPL and PRP are extracted from human blood plasma 
after different processing techniques and appropriate pathogen inactivation. PRCs demonstrate 
potential cell growth-promoting and differentiation activity with reduced chances of infection 
transmission compared to animal-based serums. PRCs have also been demonstrated as an effective 
source of angiogenesis promoting growth factors (GFs), which is a vital requisite for the healing of 
inflamed tissue. Despite the reported application of PRP, there are some shortcomings, according to 
its clinical use, growth factors diversity and concentration, temporal degradation, and inadequate 
mechanical strength [27]. PRCs are known to contain a plethora of GFs and could have an augmented 
effect on the angiogenic potential of DPSCs. However, the effect of PRCs on DPSCs has not been 
explored widely. Hence, this study was designed to address the suitable concentration of HPL and 
PRP to maintain the viability of DPSCs, comparable to FBS, in vitro (Figures 2-4). Since pooling of 
PRP from various donors reduces the individual variation, in the present study, HPL was prepared 
by freezing and thawing of pooled PRP from eight healthy donors. A previous study [25], reported 
that both 10% and 20% of the platelet lysate (HPL) support cell viability and migration in a co-culture 
of endothelial cells, monocytes, fibroblasts, and keratinocytes. From the findings of previous study 
[25] a range of HPL and PRP concentrations was selected to optimize the most suitable concentration 
to support the DPSCs viability (Figures 2-4). It was observed that 20% PRP did not show a higher 
viability compared to other concentrations of HPL and PRP at the 48th hour (Figure 4). This might 
be due to the fact that PRP requires biological activation to initiate efficient release of growth factors 
from the platelets. There was an initial release of growth factors due to the degranulation of platelets, 
which might have occurred due to the interaction with culture media components and repeated 
physical manipulation during the experiments. Hence in the case of PRP,  growth factors might not 
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be in active state in media as compared to HPL where growth factors are readily present in active 
state in media. We also speculated that PRP could not reach its full potential in terms of releasing 
active growth factors. Another study on periodontal ligament (PDL) fibroblast demonstrated 
significantly higher cell viability when PDL fibroblasts were treated with 5% PRP compared to 10% 
and 50% PRP [28]. It was confirmed that remarkably reduced viability was evident at 5% PRP. The 
optimized concentrations were then investigated for their growth promoting effect on DPSCs. After 
culturing DPSCs in various concentrations of HPL and PRP, the morphology of DPSCs was 
observed to be elongated and spindle-shaped (Figure 3). There were no significant visible differences 
in morphology between the DPSCs cultured in media with HPL and PRP when compared to those 
cultured in media supplemented with FBS. These findings were partially in line with a study done on 
the cryoprotective effect of PRP [9].  It was also observed that at 20% HPL concentration, DPSCs 
started expanding and becoming flat; this closely resembles the morphology of endothelial cells 
(Figure 3). However, no studies in the literature have reported on the effect of higher concentrations 
of HPL on DPSCs morphology. The cell viability results of the present study showed that HPL at 
10%, 15%, and 20% supported the higher cell viability especially at the 48th hour and was found to 
be comparable to FBS (Figure 4). This observation was in agreement with a study done on adipose-
derived stem cells [29]. Higher viability was noticed in HPL treated DPSCs when compared to PRP; 
however, PRP at 5% concentration showed a good percentage of viable cells on day 2 and day 4. 
This viability promoting effect at was observed at lower concentrations of PRP and viability reducing 
effect was observed at higher PRP concentrations. These findings were in line with a similar study 
performed on BMSCs treated with various concentrations of platelet concentrates [8]. The viability 
results of our study were also supported by another study suggesting a higher cell viability effect of 
10% and 20% HPL on a co-culture of endothelial cells, monocytes, fibroblasts and keratinocytes [10]. 
From the findings of an earlier study [26], it can be suggested that the effect of HPL and PRP on cell 
viability was dose-dependent, and 10%, 15% and 20% HPL, and 5% PRP hold the potential of 
replacing FBS as a media supplement in DPSCs culture. On comparing the effect of treatment time 
of HPL and PRP on cell viability of DPSCs, a general decrease in viability of DPSCs was observed 
from day 2 to day 6 that later exhibited an incremental pattern till day 10 (Figure 4). The Mogul fuzzy-
GA predicted values of the % age in the living cell cultured in PRP are closer to their experimental 
measured values than the cell cultured in PRP. It is obvious from Figure 5 (b) and evaluation measures 
in Table 1. Moreover, the straight evaluation of analysis results of fuzzy-GA approaches is not 
possible due to the unavailability of any previous study for the viability assessment of dental pulp 
stem cells.  
The limitation of the present study includes the scalability of stem cells in vitro culture and short 
life of HPL which is efficient for chair side procedures but has limited use for long term therapies. 
However, PRP can be used for long term therapies. Due to the autologous nature of HPL and PRP, 
there are negligible chances of immune rejection.10% HPL is suitable to replace FBS in the expansion 
of stem cells scheduled for clinical trials. HPL and PRP contain a cocktail of growth and it is a 
potential source of regenerative media for inflamed dental pulp that has limited blood supply or other 
regenerative studies involving other parts of the human body such as the knee and ischemic 
cardiovascular tissue release active growth factors. The fuzzy-GA approach results in a better decision 
support system for the prediction of age in living cells cultured in HPL and PRP. 
Conclusions 
Based on the results of the present study, DPSCs cultured in HPL have higher viability than FBS 
and PRP. HPL at 10%, 15%, and 20% supported the higher cell viability and was found to be 
comparable to FBS. However, no significant difference in viability was observed among the DPSCs 
treated with 5% HPL, 5% PRP and 10% PRP. In this study, the Mogul method surpasses the Thrift 
method. The hybrid fuzzy-genetic algorithm could be proposed as a modern machine learning 
approach with high prediction accuracy to estimate the effect of human platelet concentrates on the 
proliferation of stem cells derived from the human tooth.  
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